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SUMMARY

An investigation was conducted to determlne and
compare the tensile strength of NACA and conventional
machine~-countersunk flush rivets of several rivet-
head angles and varying countersunk depth. The results
of the investigation are presented in the form of curves
that show the variation of the tensils strength of the
rivet with the ratic of the shset thickness to the
rivet diamster,

INTRODUCTION

Conparativs data on the tensile strength of machine-
countersunk flush rivets are scarce, although it is
known that rivets are under tensile losd in many applica=-
tions, An investigation was therefore conducted to
deteirmine and compare the tensile strength of NACA
machine-countersunk flush rivets and of conventional
machine~countersunk flush rivets, The eftect of rivet-
head angle and depth of countersink on the tensile
strength of both types of rivet was investigated.

SPEC INENS AND RIVETING PROCEDURE

_ Eech specimen consisted of two sheets of 2L.S-T alu-
minun 21loy of equal thickness, assembled with one
A17S-T aluminum-alloy rivet, as shown in filgure 1.
Tables T and II glive the rivet diamsters and sheet
thicknesses for all specimens, the depths of counter-
sink for the NACA flush-rivet specimsns, and the heights
of the rivet heads above the sheet surface before
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driving for the conventlional countersunk-rivet speclmens,
For the NACA flush rivets, the depth of counterslnk
(designated ¢ and shown in fig, 2(a)) was measured
with a 0° conical spindle mounted on a dlal gage
graduated in ten-thousandths of an Inch. For the
conventlional countersunk rivets, the helght of the rivet
head above the sheet surface before driving (desig-
nated h eand shown in fig. 2(b)) was also measured
wlth a dlal gage.

The NACA flush-riveting procedure (method E of
reference 1) is shown 1in figure 2(a), The rivet hole
in the sheets of the speclmen was machline-countersunk
with a 600, 82°, or 100° countersinking tool. An
Anmg)round-head rivet was 1lnserted from the back of
the Joint, and the manufactured head of the rivet was
then driven with a vibrating gun while the shank end .
of the rivet was bucked into the countersunk hole wlth
a bar, The protruding portion of the rivet head was
removed wlth a flush-rivet milling tool simllar to
that described in reference 2.

The conventlonal rlveting procedure for countersunk
rivets (method C of reference 1) 1s shown in figure 2(b).
The rivet hole in the sheets of the specimen was machine-
countersunk with an 82° countersinking tool for the
AN}25 78° countersunk-head rivets, and with a 100° counter-
sinking tool for the AN426 100° countersunk-head rivets.
The rivet was lnserted 1n the rivet hole and the
manufactured head was driven with a vibrating gun while
the shank end was bucked with a bar,

TEST PROCEDURE

The test procedure was the same as that described
in reference 3. The specimens were mounted 1n the
fixtures shown 1in flgure 3. The small rods on each of
the fixtures pass through the holes in one of the
sheets of the specimen and bear agalnst the other sheet.
Vhen load 1s applied, the rods push the sheets of the
specimen apart. Loads were applied to the specimens in a
hydraulic testing machine accurate within one-half of
1 percent, Maxlmum load and type of fullure were
recorded for each test.
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RESULTS AND CONCLUSIONS

- " - - - - s — e

The results of the tests are glven in tables I and
IT, and typical specimens after fallure are shown in
figure L, The variation of the maximum tensile load
wlth the sheet thlckness 1s showm in figures 5 to 9. It
may be noted in figures 8 and 9 that the tensile strength

of the —Erinch-diameter‘conventional countersunk rivets

was Increased slightly for values of hp greater than

zero and decreased slightly for values of hp less than
zero,

In order to permit comparlison of the results for
the different types of rivet tested, the values of the
tenslle strength of the rivet, expressed as a fractlon
of the tenslle strength of the rivet shank, were plotted
againsat the ratio of the sheet thickrness to the rivet
dlameter 1n figures 10 and 1l., The tenslle strength
of the rlvet shank was taken as an average of the maxlimum
loads for those specimens that falled by tension of the
shank, Curves were falred through the points so plotted,
as shown 1n figures 10 and 11l. These curves were used
in the preparation of additional figures (figs. 12 to 15)
in which the effects of the different varlables are
revealed.

NACA machine-countersunk flush rivets.- For a glven
rivet-head angle the tensile strength increased with the
ratio of countersunk denth to rivet dlameter c¢/d. (ee
fig. 12,) For c¢/d = 0.50 and rivet-head angles of
609, 829, and 10002, the full tensile strength of the
rivet shank was developed for values of the ratlo of
sheet thiclkmess to rivet dlameter t/d greater than 0.7.

For a glven value of c¢/d, the tensile strength
increased with rivet-head angle, but at c¢/d = 0.50
the tensile strengths of the 100° rivets were only very
slizhtly greater than for the 82° rivets. (See fig. 13.)
For c¢/d = 0.36 and 0.50, the tensile strength of the
60° rivets approached the tensile strength of 82° and
100° rivets as t/d4 approached 0.7.

Conventional countersunk flush rivets.- For values
of t/d greater than about 0., the tenslle strength of
ANhEZ 78° conventional rivets was higher than for
AN26 100° conventional rivets. (See fig. 1l.)
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For t/d greater than about 0.7, the 78° rivets

developed more than nine-tenths and the 100° rivets,

more than sbout eight-tenths of the tenslle strength of
the rivet shank. From the tenslile tests of the NACA
rivets, 1t 1s concluded that the greater tensile strengths
for the 780 rivets were caused by the higher c¢/d ratio
(e/d = 0.50 for the 78° conventional rivets; c/d = 0.33
"to 0.38 for the 100° conventional rivets).

Comparison of NACA and conventional machline-
countersunk rivets.- For the same rivet-head angle -
or essentlally the same rivet-head angle - and for a
given value of ¢/d, the NACA rivets developed higher
tensile gtrength than the conventional rivets, (See
fig. 15.

Langley Memorial Aeronautical Laboratory
National Advisory Commlttee Ior Aeronautlcs
Langley Fleld, Va.
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TABLE I

" TENSILE 8TRENGTH OF NACA MACHINE-COUNTERSUNK FLUSH RIVETS

th?:g:" Dogth «;:k Rivet-head angle, 60° | Rivet-hesd angle, 82° | Rivet-head angle, 100°

Y | t/a [COUREITEInks | o4 [Max. Toad] R |Type of|Max. 1ced] R |Type of| ax. lcad] R |Type of

(in,) (1in.) (1v) (a) | failure| (1b) (a) {failure| (1b) (a) |failure
‘Rivet diameter 4 = 3/32 in.

0.025  |0,270] 0,025 0,267] 109 |0.253] (b 18 Jo.L28] (v 1 0.2 ®
.02 +270 +035 .32 | 139 <323 b 79 .183 b 10 21% ®
A e IS I 4 (A - B A% & So |22 (o
AL LI BE R NE RN WE
. o . . . . [ . b
.00 29 <035 ggh 205 477 b 567 b zgz ..2%% [
.00 A2 045 480 255 <593 b 2 .605 b 351 .816 ®
.051 5l «025 267 2%0 535 b 27% .635 [ 354 .823 °
.051 o5l .035 ﬁgh 32 .786 b 367 .85% b a;_(l .86 °
.051 ggh .0l5 Ai8o 33 Z 6| b 3 919 c ] .9 °
oar '683 .ozg .26!'{ 223 '82’? g 201 '688 o 290 67 c
.06 685 .05 .ﬁgo 09 951 b i& .;’81 : E;Z 1.%19 3

Rivet diameter A = 1/8 in.

0,032 0.256 0.0%5 0.280 22), 0.299{ (b) 261 0.348] (b) 289 0.385| (v)
.032 .25 360 221 .295| (b) 26 agg (b) 315 20| (v)
a0 +320 .0%5 .280 284 373 (b) 31 . (v) 3169 492 (e)
.00 20 .05 .360 281 375 (b) ﬁho U535 (b) Z .256 (v
051 106 045 .360 426 569 b) 31 5751 (b) 501 676 (b
051 4o . 065 .520 ko .th_; b) 8 -gh‘)' (o) 552 -257 (b
.08l 513 dg 60 51 . b) 8951 (o) 508 . ;Z (o
.06l 513 . .520 5 769 b) 665 .8 {b) Zgo 1,0 (e
EE IR IR R IR
1081 645 2088 a0l 738 963 _(a) 753 licook] a) B2 (%2 ta

Rivet dismeter d = 5/32 in.

0.040 l0.258 0,045 0.288 3L, 0.301| (b) T3 0.326( (b) 181 0.421] (b))
040 25 .gs .333 329 2 () 06 .352 (b) ngs «3631 (b)
.051 325 5 .2 73 .32 (b) 36 .55 (b) 69 '533 (v)
.0§1 325 .055 «353 19 366 (b) 5go L4381 (b) 810 g (v)
.0 <410 .055 335 535 L69|  (v) 8 .689| (b} 955 Bﬁg (c)
.06l o410 075 481 L7 653 (b) 80 <7701 (b) 970 . (v)
.081 .518 .055 aga 779 .680| (b) 995 B870] (e) 10%0 +.910| (e)

1 .51 075 481 975 .852| (b) 1160 1.01{ (o) 960 840! (o)
.102 654 .055 .353] 1110 971 (4) 1000 813 (v) 1100 9721 (o)
.102 654 .085 L1271 1130 5011 (a) 1060 . (d) 1170 1.0231 (d)
.102 o685l .075 4811 1159 1.012] (a) 116 1.019] (4) jR10 1,059 (4)

Rivet dismeter d = 3/16 in.

0.051 |0.271] 0.0 0.28% 39  [o0.337] (v B0 |0.L8B| (v 762 [0.Lk78] ()

.831 .2%1 . 2 .3 2 . 2 (v Zos .378 b 780 .ule {v)

.32 .055 2 2 58 Jail (v 91 572 (v 923 577 (e)
.08 o342 065 .3 €90 A31 (v 90 Zh ® 983 . ga {v)
.081 431 .055 .283| 832 .558] (e 1032 S5t (e 1093 6941 . (o)
.081 431 .0 346 930 5811 (v 1293 .800 ° 0 «775] (o)
102 .5@& .065 L6 112 708 (b U .892 ¢ 1480 <9 2 (e)
.125 .667 .065 Sh6 Ui 9508] (e 128 .80 S 1555 97 (o)
.125 667 oas : +399 1521; 985 (e 153 960 a 15635 1.021] (4)
.125 667 . 085 L52) 1568 979 (4 1599 1,000 a 1707 1.067] (e)

a - Tensile strength of rivet COH:AH'IEI DEWFIORIMNM‘

"~ Tensile strength of rivet shank

Peountersunk head of rivet pulled through sheet.
Scountersunk head of rivet sheared,
dpension failure of rivet shank.




TABLE IIX

TENSILE STRENGTH OF CONVENTIONAL MACHINE-COUNTERSUNK FLUSH RIVETS

_Sheet h, Rivet-head angle, 78° Rivet-head angle, 100°
thickness, | t/d Max. loadf R |Type of |Rivet-head| C/d |Max. load| R |Type of [Rivet-head| C/d
t (In.)|  (1b) (a) |failure|height, C {1b) (a) |faillure|height, ¢
(in.) (in,) (in,)
' Rivet dlameter d = 3/32 in, :

0,032 2h2lo.010] 270 [o.627] (v) 0.0b7 [o.500] 2 0.6 (b) 0.036 |0.38
.032 p.}hz . 000 201 J67 (B) Loy7 .500 2% .633 () .026 .282
.032 L2421, 008 195 A5L (b)) .07 .500 202 JL70 | (b) .036 .383
.00 Ji29| .010] 31 41| (o) .oly7 .500| 301 .700| () .036 383
.00 L2901 ,000 2li5 .szﬁ (b) .47 .500 270 6271 (b) .036 .383
.0Lo A291-.005 247 .g (b) LO47 .500 255 . «593| (b) .036 .383
,051 5 .010 35, Balil (1) Loh7 500 360 8371 (e). .036 .383
L051 5Lh 1 000 333 Sl (p) Ny .500 2,8 809 | (e) .036 .383
.051 . %h -.005 2 0 .730 (b) Lol7 .500 220 .367 (c) . 036 .383
.08l .685] .010 08 949t (e) LoL7 .500 3 893 (c) .036 .383
. 0él; .6851 ,000 397 .923] (e) ey .500 379 881 (e) .036 .383
.06 .685|-.005% LN 8701 (e) L0447 .500 369 .858| ‘(c) .036 383

Rivet diameter 4 = 1/8 in,

0.040 0.220|0,000 200 0.Loc| (b) 0.062 0.496 11 0.415 [ (b 0.042  [0.336
051 o6 .ooo|  Bal 671 (b) .062 .ug6 66 .%22 fc§ .gﬁg .?35
.08l .513| ,000 621 L8291 (v) .062 TS 520 .23!; (e) Lop2 336
.081 &51 000 71 .951] (b) .062 L96] 515 L6871 (e) .02 336

Rivet dlameter d = 5/32 in.

0,051 0.32, {0,000 &6 0.565| (b) 0,078 0.500 516 0.452 |  (b) 0.0 0.352
.06l Ji10| 000 733 80| (b) .078 | .500[ 704 .615| (b) .o?? .322
.081 .518| .000{ 1035 .915] (b) .078 .500 90 .690| (o) . 055 .352
.102 .65L1 .000{ 1075 9Lo] ‘e) .078 .500 15 <713 | (e) . 055 .352

_ Rivet diameter d = 3/16 in.

0.068, 0.242{0,000 815 0.509] (b) 0.094 0.500 815" [0.509| (b) 0,070 0.372
.081 JL31] Looo| 1235 ,ggz () .05k .500{ 1200 750 (c) 070 372
.102 .5%1; .000{ 1409 .880y (b) . 094 500 1260 .328 (¢) .070 372
,125 .667] .000] 1417 .885] (e) .09l .500{ 1320 825 (¢) .070 372

P Tensile strength of rivet '

" Tensile strength of rivet shank

boountersunk head of rivet pulled through sheet.
CCountersunk head of rivet sheared.
Tension fallure of rlvet shank.
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Figure 3.- Fixtures and specimen
for tension tests of rivets.
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(a) NACA rivet; countersunk
head puiled through sheet.

(b) NACA rivet; countersunk
head sheared.

(c) NACA rivet; rivet shank
failed in tension.

{d) Conventional rivet;
countersunk head pulled
through sheet.

(e} Conventional rivet:
countersunk head sheared.

5
Figure 4.- Typicaj.gg -inch-diameter rivet specimens of 100° head
angle after failure.
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Figure 3. -Variation of maximum tensile load with
sheet thickness for NACA machine-countersunk
flush rivets ; rivet-head angle = 602
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Figure 6.-Variation of maximum tensile load with
sheet thickness for NACA machine-countersunk
flush rivets ; rivet-head angle =82°
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Figure 7.-Variation of maximum tensile load with
sheet thickness for NACA machine-countersunk
flush rivets ; rivet-head angle =100°
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Figure 8.-Variation of maximum tensile load with

sheet thickness for conventional machine-
countersunk flush rivets; rivet-head angle =78
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Figure 9O.-Variation of maximum tensile load with
sheet thickness for conventional machine-
countersunk flush rivets ; rivet-head angle = 100!
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Figure 0. - Variation of rivet tensile strength with t/d for
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Figure 1I. - Variation of rivet tensile strength with t/d for conventional

machine - countersunk flush rivets; hp= 0.000 inch.
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Figure 12.- Average curves for the teﬁsile strength of
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Figure 13.- Average curves for the tensile strength of NACA
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Figure 14.- Average curves for the tensile strength
of conventional 78° and 100° machine - counter-
sunk flush rivets; hp=0.0C0 inch.
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Figure 15. - Comparison of average curves for the tensile strength of
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corresponding c¢/d ratios.
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